MATERIALS AND METHODS
Experimental animals. Male Wistar rats (Nihon Charles River, Atsugi, Japan), weighing 100 to 120g at the initiation of the experiments, were used. The rats were maintained on the standard rat chow pellets (Oriental Yeast, Tokyo, Japan) and distilled water ad libitum throughout the experiment. The animals were divided into four groups: C-1 to C-4.
In group C-1, 20 rats received subcutaneous injections of CC14 (Wako Pure Chemical, Osaka, Japan) mixed with an equal volume of liquid paraffin, at the dose of 0.5ml/kg of body weight twice a week. Rats also received oral administration of peanut oil (vitamin A-free), as a placebo, via a stomach tube. Five rats each were sacrificed at the end of the 8th and 12th week, respectively, and the remaining 10 rats at the end of the 16th week.
In groups C-2 to C-4, 15 rats in each group received the same dosage of CC14 and also received oral administration of acyclic retinoid ( 3, 7, 11, 15-tetramethyl intake during the whole experimental period among the experimental groups (22.2 g/day/rat in C-1; 20.8 in C-2; 20.8 in C-3; and 20.5 in C-4).
Liver function tests (Fig. 2 ) Activities of serum AST and ALT in group C-1 gradually elevated until the 12th week and decreased at the 16th week. Both activities were significantly lower in C-3 and C-4 at the 12th week than those in C-1. Thereafter, these activities remained at almost the same levels in retinoid-treated groups. Activities of serum OCT represented similar time courses to those of AST or ALT.
Serum albumin levels gradually decreased throughout the experimental period in C-1. Significantly higher level was observed in C-4 than that in C-1 at the 16th week.
Serum T. Bili. levels in group C-1 gradually increased until the 12th week and declined at the 16th week. Significantly lower level was observed in C-4 at the 16th week as compared with that in C-l.
Serum levels of AFP (Fig. 3) In group C-1, serum levels of AFP (sAFP) gradually increased until the 12th Each column and bar represent mean and standard error, respectively. Rats in group C-1 through C-4 received subcutaneous injections of CC14 mixed with an equal volume of liquid paraffin at the dose of 0.5ml/kg of body weight twice a week. In parallel, C-2, C-3, and C-4 were orally administered the acyclic retinoid at doses of 20, 40, and 80mg/kg, respectively, five times a week, while C-1 received the vehicle (peanut oil) alone. C represents the control rats with out administrations of CC14 and the acyclic retinoid. n=6 in C at 16th week. n =5 in C-1 at 8th week and , in C-1 through C-4 at 12th week. n=10 in C-1 through C-4 at 16th week. * p<0.05, **p<0.01. error, respectively. Rats in groups C-1 through C-4 received subcutaneous injec tions of CC14 mixed with an equal volume of liquid paraffin at the dose of 0.5ml/ kg of body weight twice a week. In parallel, C-2, C-3, and C-4 were orally administered the acyclic retinoid at doses of 20, 40, and 80mg/kg,respectively,, five times a week, while C-1 received the vehicle (peanut oil) alone. C repre sents the control rats without administrations of CC14 and the acyclic retinoid. n=6 in C at 16th week. n=5 in C-1 at 8th week and, in C-1 through C-4 at 12th week. n=10 in C-1 through C-4 at 16th week. *p<0.05, **p<0.01. week as compared with control rats, and remained at the same level at the 16th week. In retinoid-treated groups, sAFP levels were significantly lower at the 16th week. A significant positive correlation was observed between serum AFP levels and serum AST (or ALT) activities (Fig 4a) , and a significant negative correlation was observed between serum AFP and albumin levels (Fig. 4b) .
DISCUSSION
In the present study, serum AFP levels moderately increased following a long-term administration of CC14 in C-1 group, while the levels were markedly decreased in retinoid-treated groups at the time when liver cirrhosis was formed. We have previously reported that the retinoid inhibited hepatic parenchymal damage and also hepatic fibrosis in CCl4-treated rats (2). The cytoprotective effect of the retinoid on the hepatocytes may well contribute to the reduction of AFP synthesis. Significant positive relationship between serum AFP levels and serum AST activities supports this possibility.
As to cell types involved in the production of AFP during liver damage and regeneration induced by CC14, AFP mRNA has been reported to appear in nonparenchymal cells but seemingly not in hepatocytes (16). However, non parenchymal epithelial cell population, which also proliferate at the early stages of carcinogenesis (commonly known as 'oval cells'), are likely to be heterogeneous and contain cells with diverse developmental potentials (17, 18). It has been suggested that some of these cells may be the source of new hepatocytes, because nonparenchymal cells proliferate extensively under the conditions where hepatocyte replication is inhibited (19, 20) . Moreover, a study that examined the expression of albumin and AFP genes employing in situ hybridization in preneoplastic liver lesions induced by the Solt-Farber method (21) reported that AFP was expressed in oval cells in the early stage following the initiation, and thereafter the expression became weak in the cells at later time points and neoplastic nodules were always negative for AFP, whereas albumin-positive cells appeared inside the neoplastic nodules (22). This observation also suggests the presence of primitive 'stem -cell'-like oval cells in the liver. Since the neoplastic transformation of the liver was inhibited by the acyclic retinoid used in this study (3), it is likely that the retinoid influenced the proliferation and/or maturation of such stem-cells which produce AFP.
On the other hand, it may also be possible that the retinoid directly influenced the genomic expression (23) . Several studies have reported that the single ad ministration of a large dose of CCl4 induced marked elevation of serum AFP levels (6, 11) and mRNA levels of AFP in the liver (12), whereas albumin transcription rate was observed to be decreased. Albumin gene transcription was reported to be sharply increased thereafter and AFP transcription returned to normal within a few days. Since this transcriptional change preceded the increase of DNA synthesis in 
